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The decomposition of original data at 2-level decompositon 81 Flood surely cannot be prevented from occurring but human beings can prepare for it. This make a reliable estimation of flood quantiles is important for flood risk assessment project (e.g., dams, spillways, road, and culverts), the safe design of the river system, and it give a closed valuation budget of flood protection project. In order to acquire accurate estimation of flood quantiles, recorded historical time series data of stream flows is required. Long term historical data used for estimation are more reliable compared to short term data and may also reduce risk. However, it often happens that the historical data at-site of interest not always available. Although at-site of interest may have some available data but the data are not enough to describe the catchment flow because of the changes in watershed characteristics such as urbanization (Pandey and Nguyen, 1999) . The UK Flood Estimation Handbook (FEH) notes that "many flood estimation problems arise at ungauged sites which there are no flood peak data" (Reed and Robson, 1999). Mamun et al. (2012) stated that river located in Malaysia is gauged only at a strategic location and other river is usually ungauged. This could become a problem to the developer when development projects are located at ungauged catchments.
LIST OF SYMBOLS
Typically some site characteristics for the ungauged sites are known. Thus, regionalization is carried out to make the estimation of flow statistics at ungauged sites using physiographic characteristics. Regionalization technique includes fitting a probability distribution to series of flow and then linking the relationship to catchment characteristics (Dawson et al., 2006) .
The variables affecting the flood quantile estimation include catchment characteristics (size, slope, shape and storage characteristics of the catchment), storm characteristics (intensity and duration of rainfall events), geomorphologic characteristics (topology, land use patterns, vegetation and soil types that affect the infiltration) and climatic characteristics (temperature, humidity and wind characteristics) (Hosking and Wallis 1997; Jain and Kumar 2007) . In relating flood quantile at site of interest to catchment characteristics a power form equations are mostly used (e.g., Thomas and Benson 1970; Fennessey and Vogel 1990; Mosley and Mckerchar 1993; Pandey and Nguyen, 1999; Seckin, 2011; Mamun, 2012 ) .
At ungauged sites linear regression (LR) model is always reliable to make estimates of flow statistics or flood quantiles (see e.g. Vogel and Kroll, 1990; Shu & Ouarda, 2008; Pandey & Nguyen, 1999) . Mohamoud (2008) Group Method of Data Handling (GMDH) has shown a significant improvement by doing a combination with other method. Zadeh et al. (2002) combined GMDH model with singular value decomposition and it has shown that the combined method prediction is better than GMDH itself. Samsudin et al. (2010) proposed combined GMDH with least square support vector machine and the result showed a significant improvement on prediction.
Nowadays, wavelet transform analysis has gained its popularity because it can produce an encouraging outcome in multi-resolution analysis, variations, periodicities, At the moment, there are a lot of researchers implemented the time series model to estimate flood quantile at ungauged site. Practically, linear regression is the most common method to apply in ungauged site (Shu and Ourda, 2008) . GMDH is one of the time series models that have proven that it has good performance in time series
forecasting. Therefore, GMDH is applied. By combining GMDH with discrete wavelet transform (DWT), it can improve the performance of GMDH. The jackknife procedure is implemented to simulate ungauged site.
Background of Problem
Hydrological records of stream flow and rainfall are important for the design, planning, and operation of various water resource projects. However, it often happens that the record length of the available stream flow data at sites of interest is much shorter (partially ungauged) and even worse there may not be any stream flow record (ungauged) at these sites of interest. Typically at any catchment, there are the existences of physiographic, meteorological and hydrological characteristics. There are five variables implemented in this study which are catchment area, elevation, longest drainage path and annual mean total rainfall. Thus, regionalization is carried out to estimates the flow statistics at ungauged site. Patton and Baker (1976) Nowadays a lot of time series models are implemented in ungauged site and they prove the estimation of flood quantile is sometimes better than the conventional method which is the linear regression. In simulating the ungauged site problem jackknife procedure is applied. One of the time series models, GMDH model has shown its capability in time series forecasting. GMDH had been applied in many areas such as economy, ecology, medical diagnostics, signal processing, and control systems systems (Oh and Pedrycz, 2002; Nariman-Zadeh et al., 2002; Kondo and Ueno, 2006; Onwubolu, 2009) . Although GMDH was a useful statistical tool used in many fields but within hydrology field it is rarely applied especially as a tool to estimate flood quantile at ungauged sites. Discrete wavelet transform (DWT) had been widely used to improve forecasting performance for time series model (Zhang and Dong, 2001; Partal and Cigizoglu, 2008; Elanien and Salama, 2009; Jalal and Kisi, 2010; Kisi and Cimen, 2011; Choi et al., 2011; Davanipoor et al., 2012 ). The DWT has various level of decomposition level. There are still no methods or techniques to determine which resolution level or decomposition level that is suitable for a specific data. GMDH also show a significant improvement by combining with genetic algorithm and fuzzy logic (Oh et al., 2005; Nariman-Zadeh et al., 2002) . This study investigates the accuracy of combination of discrete wavelet transform (DWT) and GMDH model in the estimation flood quantile at ungauged sites. The combination of DWT and GMDH is to improve the estimation of GMDH itself.
Objectives of Study
In view of the above mentioned problems, this study is intended to propose WGMDH for estimating flood quantile for ungauged sites (no data available) at Peninsular Malaysia. The specific objectives of the study are as follows:
i. Identifying the significant physiographic, meteorological and hydrological characteristics at catchment area that should be used as input variables for flood model.
ii. Selection of a suitable distribution (GPA, GEV, GLO, P3 and LN3) at each station and the best distribution used for various quantile estimation.
iii. r .
Scope of Study
In this study, the data were obtained from Department of Irrigation and 
Significance of the Study
This research is to expect that the proposed model WGMDH model is better than GMDH model because WGMDH is an improvement of GMDH model. Thus, WGMDH is applied in estimating flood quantile at ungauged sites. Although GMDH and WGMDH models have never been used to estimate flood quantile at ungauged site, they are expected that the estimation of WGMDH model is better than conventional method to estimate flood which is that is linear regression.
